RENAL function studies have indicated that among biologic membranes involved in the transport of electrolytes, the renal tubules are exceedingly active in the net transfer of most ion species. However, in spite of the establishment of considerable coneentration gradients across various tubular segments and the likelihood of different transfer rates of charged particles from the lumen to the peritubular fluid, factors favoring the creation of electrical potential differences, renal tubular structures have received relatively little attention as far as electrical phenomena are concerned. Also, little is known regarding the magnitude and the kinetics of bidirectional ion fluxes across renal tubules, although site and steepness of various ionic concentration gradients have been fairly well outlined by micropuncture studies on individual nephrons.
Some of these problems have recently beeni studied by a combination of microelectrode technics and the perfusion of single renal tubules with solutions of known composition Work done by the author was supported by grants from the American Heart Association and the National Heart Institute.
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Part of this material has been presented at a symposium on renal aspects of electrolyte transport at Gottingen, Germaniy, August, 1959. containing various isotopes. Also In the following, a hypothesis is presented which seems to be compatible with most observations. Let us consider the peritubular cell membrane first. The transeellular potential difference maintained across the peritubular cell membrane is close to that to be expected from the concentration gradient for potassium across this cell membrane. Accordingly, it behaves like a potassium diffusion potential. Additional and independent evidence that intracellular negativity is indeed closely related to the transeellular potassium gradient is given by the previously described variation of the peritubular cell-membrane potential as a funietion of the potassium concentration in the perfusion fluid. membrane of the tubule cell is incomplete in such a manner as to permit some sodium ions to leak into the cell interior along their concentration gradient, thus partly discharging its intracellular negativity. The lower intracellular -concentration of sodiumn and the finding that the proximal tubule normally punips sodium out of the tubule lumen make it most reasonable to envisage the site of the active sodiumn extrusion mechanism at the peritubular cell border (see also 20) . This would explain a compartment of low intracellular sodium concentration interposed between tubular and peritubular fluid phase, into which sodium could diffuse passively along an electrochemical gradient.
It is, at present, uncertain whether this sodium extrusion mechanism (carrier) shows linkage with potassium (sodium-potassium exchange) or whether it incorporates aii exchange diffusion component (sodium-sodium exchange). The relatively high rate of sodium efflux fronii the tubule lunmen at the observed low net transfer rates,25' 26 makes the latter an attractive possibility.
Iinspection of figure 5 indicates a potential differenee of considerably smealler mnagnitude (43 results in reduced transtubular potelntial differences. It should also be recalled in this connection that the rapid loss of sodium fromi kidneys exposed to a low sodium mnedium is quite consistent with an unusually high degree of sodium permeability of kidney cells. It seems logical to locate the 1iain site of this sodium leakage at the luminal cell membrane and not at the peritubular cell side where the observed potential difference deviates mluch less fronm the potassium equilibrium potential and hence precludes such a high degree of permeability to sodium.* Essentially thenl, the lunminal transmenibrane potential would constitute a potassium diffusion potential similar to that at the perntubular cell side but significantly mlodified by an opposilng sodium diffusion potential caused by a higher degree of sodiuni permeability at the luminal cell surface.
It should be stressed that the contribution of the potassium diffusion potential at the lunminlal cell inembrane is envisaged to be greater than that of the sodiumn diffusion potential, siniee the cell inside is negative with respect to the tubule lumen. Two experimental findings are consistent with this view: first, the previously described sensitivity of the luiminal potelitial differeice to changes in intratubular potassium coneentration, and second, the relative insensitivity of the same potential difference to variation in the sodium concentrationi within the tubule. Thus, Whit- tembury,a in perfusion studies with choline chloride on single proximal tubules, showed *The observed reduction of transtubular and transcellular potential differences by mercurials is conisistenit with the observation nmade by others that mercurials inhibit proxiim-al sodium chloride transport27 in vivo, and in vitro lead to sodium gain and potassium loss in renal tissue. Inhibition of the active sodium extrusion mechanism`7n or increased passive sodium permeability22 would explain the loss of cell polarization. Again, reduced transfer rate of positive charge out of the tubule would depress intratubular negativity. Furthermore, the depression of water and solute transfer across the proximal tubule of Necturus by 2, 4-dinitrophenol2 and the simultaneous reduction of its transtubular potential difference' 26 Micropuneture studies performed by Bott24 indicate that in Necturus there is a net reabsorption of potassium across the proximal tubule amounting to some 30 per cent of the filtered quantity. This movement occurs against an electrical gradient of 20 mV and in all probability constitutes active transport. Since the peritubular potential difference is much closer to the equilibrium potential generated by the concentration gradient for this ion than the luminal potential difference, it follows that, as Whittembury has pointed out,3 the normal value for intracellular potassium is considerably in excess of that required for diffusional equilibrium across the luminal cell membrane. Stated differently, this smaller electrical gradient of 43 mV would be insufficient to prevent potassium leakage into the tubule lumen. A steady state can be maintained only if the deficiency in inward flux is compensated by an inward pumping mechanism which, for this purpose, must operate to give an inward potassium movement of the same magnitude as that due to an electrochemical potential of -20 mV.* Important considerations regarding the role of transcellular and transtubular potential differences, as far as the movement of hydrogen ions is concerned, have been presented by Pitts.28 In summary, it can be stated that the proximal tubule cell appears to possess, in principle, membrane elements for ionic movements *It is to be expected that this process of active potassium uptake at the luminal cell border also contributes to the lowering of the luminal transeellular potential difference, since such carrier-mediated potassium influx is opposed to the potential-generatiing outward movement of potassium. asymmetry. We interpret this finding as evidence for passive chloride movement across the proximal tubule along the electrical potential gradient.
Since the observed flux asynimetry is smaller than that to be expected on the basis of a 20 mV potential difference, it seems possible that part of the observed chloride movement is due to exchange diffusion. Levi and Ussing40 first suggested such a mechanism, the essence of which is that part of an observed ion movement is independent of the electrical field and equal in both directions, thus not affecting nlet transport. This would essentially apply to that part of the chloride which moves in a bound, electrically uncharged form and is, consequently, not affected by the 20 mV driving potential. Similar situations for sodium and chloride appear to apply for a variety of biologic membranes, such as gastric nmucosa,41, 42 negativity is indicated at the left. This 20 mV constitutes the driving force for that portion of free chloride movement which is passive and which is represented by the straight arrows in the lower part of the graph. Cooperstein and Hogben43 -have given a similar schema for the large intestine of the frog, where flux discrepancies similar to those to be expected from the spontaneous potential and free chloride movemelnt were observed. Following their calculation, our data would indicate that the larger part of the chloride movement occurs bv this latter mode of transfer. This part of the chloride movement by exchange diffusion, being independent of the electrical potential, is visualized in the upper part of the diagram by the large circle, signifying no net movement. The data presented do not allow us to estimate the contribution of solvent drag on chloride movement. Additionlal data will be nieeded to settle this point which does not, however, materially affect the main colnclusion of a passive nature of transtubular chloride movement.
In summary, experimental technics for the measurement of stable electrical potential differences across single renal tubular cells and across single tubules are described. They indicate that the inside of the tubule lumen is normally electrically negative to the outside and that the interior of the cell is negative with respect to both the peritubular fluid and the tubular lumen. It is suggested that these potential differences are created by the formation, within the cell, of an area rich in potassium and relatively low in sodium. An active sodium extrusion mechanismn is located at the peritubular cell membrane, the latter being relatively less permeable to sodium than the cell membrane facing the tubule lumen. It is further suggested that the passive diffusion of sodium at a higher rate than chloride, and the active potassium uptake from the tubule lumen into the cell, partially shunt the potential difference across the cell and at the same time render the inside of the tubule electrically negative. Since the net reabsorptive movement of sodium across the proximal tubule occurs against an electrical gradient, it is an active process. The electrical gradient caused by this extrusion of positively charged sodium ions is oriented in such a way as to account quantitatively for passive reabsorptive movement of chloride out of the tubule. Perfusion studies of single proximal tubules demonstrate a high rate of turnover of both sodium and chloride, indicating that the net movement of these ions is only a relatively small fraction of the unidirectional fluxes.
